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© NOx at>sorbent (18) Is disposed in the exhaust 
gas path in the internal combustion engine and ex- 
haust gas is adapted to flow constantly through said 
absorbent (18) during the operation of said engine. 
NOx at)Sorbent (18) absorbs NOx when an air-fuel 
ratk) of exhaust gas flowing into said absoribent (18) 
is lean and, when an air-fuel ratio of exhaust gas 
becomes equal to the theoretical air-fuel ratio or rich, 
it discharges NOx having t3een absorbed therein. 



Over almost the entire range of operation of the 
engine, lean mixed gas is bumt in the combustion 
chamber (3) and NOx generated at this time is 
at>sorit)ed by said absorbent (18). An air-fuel ratio of 
exhaust gas flowing Into the NOx absoribent (18) is 
periodically made equal to the theoretical one or rich 
and NOx having been absoribed by the absorbent 
(18) is discharged and reduced at the same time. 
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TECHNICAL RELD 

The present invention relates to a exhaust pu- 
rification device of an internal combustion engine. 

BACKGROUND ART 

A diesel engine in which an engine exhaust 
passage is branched to a pair of exhaust branch 
passages for purifying NQx, a switching valve is 
disposed at the branched portion of these exhaust 
branch passages to alternately guide the exhaust 
gas to one of the exhaust branch passages by a 
switching function of the switching valve, and a 
catalyst which can oxidize and at>sorb the NO^ is 
disposed in each of the exhaust branch passages 
is well known (refer to Japanese Unexamined Pat- 
ent Publication No. 62-106826). In this diesel en- 
gine, NOx in the exhaust gas introduced into one 
exhaust branch passage is oxidized and at>sort)ed 
by the catalyst disposed in that exhaust branch 
passage. During this time, the inflow of the exhaust 
gas to the other exhaust branch passage is stop- 
ped and, at the same time, a gaseous reducing 
agent is fed into this exhaust branch passage. Ihe 
NQx accumulated in the catalyst disposed in this 
exhaust branch passage is reduced by this reduc- 
ing agent. Sut)sequently, after a short time, the 
introduction of the exhaust gas to the exhaust 
branch passage to which the exhaust gas had been 
introduced heretofore is stopped by the switching 
function of the switching valve, and the introduction 
of the exhaust gas to the exhaust branch passage 
to which the introduction of the exfiaust gas had 
been stopped heretofore is started again. 

However, when the introduction of the exhaust 
gas to a pair of exhaust branch passages is al- 
ternately stopped, the temperature of the catalyst 
in the exhaust t)ranch passage on the side where 
the introduction of the exhaust gas was stopped is 
gradually lowered in the period where the introduc- 
tion of the exhaust gas is stopped and is lowered 
to a considerably low temperature near the time 
when the introduction of the exhaust gas is started 
again. When the temperature of the catalyst be- 
comes low in this way, there arises a problem in 
that the catalytic function of the catalyst is lowered, 
and therefore the oxidation and absorption function 
of NOx is not sufficiently carried out. In the period 
from when the introduction of the exhaust gas is 
started to when the catalyst temperature rises, the 
NOx is not absort>ed by the catalyst and thus is 
discharged to the atmosphere. 

Also, in this diesel engine, a pair of exhaust 
branch passages must be provided, and a switch- 
ing valve becomes necessary. Therefore, the con- 
struction t>ecomes complex. Further, the switching 
valve is always exposed to the high temperature 



exhaust gas, and therefore there arises a problem 
of durability of the switching vah^e. Also, from the 
viewpoint of the absorption of NOx, one catalyst is 
always idle, and therefore there Is another problem 
5 such that the entire catalyst which is provided is 
not effectively utilized for the absorption of NQx. 

DISCLOSURE OF THE INVENTION 

10 An object of the present invention is to provide 
an exhaust purification device which can efficiently 
absorb NOx without a complex construction of the 
exhaust system and can release the at>sort>ed NQx 
according to need. 

16 According to the present invention, there is 
provided an exhaust purification device of an inter- 
nal combustion engine wherein an NOx at>sort)ent 
which absorbs the NOx when an air-fuel ratio of the 
inflow of exhaust gas is lean, while releases the 

20 absorbed NOx when the oxygen concentration in 
the inflow of exhaust gas is lowered is disposed in 
an engine exhaust passage, the exhaust gas con- 
tinuously flows into the NQx absorbent during the 
operation of the engine, and the NQx at>sort>ed in 

25 the NOx absorbent when the exhaust gas flowing 
Into the NOx absorbent is lean is released from the 
NOx absort»ent when the oxygen concentration in 
the exhaust gas flowing into the NQx absorbent is 
lowered. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is an overall view of an internal com- 
bustion engirte; Rg. 2 is a diagram showing a map 

35 of a basic fuel injection time; Rg. 3 is a diagram 
showing a change of a conrection coefficient K; Rg. 
4 is a graph schematically showing the concentra- 
tion of unbumt HC and CO in the exhaust gas and 
oxygen discharged from the engine; Rg. 5 is a 

40 diagram for explaining an at)sorption and releasing 
operation of the NOx; Fig. 6 is a diagram showing 
an absorption rate of NQx; Rg. 7 is a diagram 
showing a control of the air-fuel ratio; Rg. 8 is a 
flow chart showing an intenruption routine; Rg. 9 is 

45 a flow chart for calculating a fuel injection time 
TAU; Rg. 10 is an overall view showing another 
embodiment of the internal combustion engine; Rg. 
11 is a graph showing an output of the air-fuel ratio 
sensor; Rg. 12 is a flow chart for calculating a 

50 feedback correction coefficient F; Rg. 13 is a flow 
chart for calculating the fuel injection time TAU; 
Rg. 14 is an overall view showing still another 
emlx)diment of the internal combustion engine; Rg. 
15 is an overall view showing still another embodi- 

65 ment of the Internal combustion engine; Rg. 16 is 
an overall view showing further still another em- 
bodiment of the internal combustion engine; Rg. 17 
is a flow chart showing an interruption routine; Rg. 
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18 is a flow chart showing a main routine; Rg. 19 is 
an overall view showing furthermore still another 
embodiment of the intemal combustion engine; and 
Rg. 20 Is a flow chart for perfomning the NQx 
releasing processing. 

BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

Rgure 1 shows a case where the present in- 
vention is applied to a gasoline engine. 

Referring to Rg. 1 , 1 denotes an engine body; 
2 a piston; 3 a combustion chamber; 4 a spark 
plug; 5 an intake valve; 6 an intake port; 7 an 
exhaust valve; and 8 an exhaust port, respectively. 
The Intake port 6 is connected to a surge tank 10 
via a corresponding branch pipe 9, and a fuel 
injector 11 injecting the fuel toward the interior of 
the intake port 6 is attached to each branch pipe 9. 
The surge tank 10 is connected to an air cleaner 
14 via an intake duct 12 and an air flow meter 13. 
and a throttle valve 15 is disposed in the intake 
duct 12. On the other hand, the exhaust port 8 is 
connected via an exhaust manifold 16 and an ex- 
haust pipe 17 to a casing 19 including the NQx 
absorbent 18 therein. 

An electronic control unit 30 comprises a digi- 
tal computer and Is provided with a ROM (read 
only memory) 32. a RAM (random access memory) 
33, a CPU (microprocessor) 34. an input port 35, 
and an output F>ort 36, which are interconnected by 
a bidirectional bus 31. The air flow meter 13 gen- 
erates an output voltage proportional to the amount 
of intake air, and this output voltage is input via an 
AD converter 37 to the input port 35. A temperature 
sensor 20 generating an output voltage proportional 
to the exhaust temperature is attached in the ex- 
haust pipe 17 upstream of the casing 19, and the 
output voltage of this temperature sensor 20 is 
input via the AD converter 38 to the input port 35. 
Also, an engine speed sensor 21 generating an 
output pulse expressing the engine speed is con- 
nected to the input port 35. On the other hand, the 
output port 36 is connected via the corresponding 
driving circuits 39 and 40 to the spark plug 4 and 
fuel injector 11. respectively. 

In the intemal combustion engine shown in Rg. 
1, the fuel injection time TAU is calculated based 
on for example the foltowing equation. 

TAU = TP.K 

where, TP is a k>asic fuel injection time, and K 
is a correction coefficient. The basic fuel injection 
time TP shows the fuel Injection time necessary for 
bringing the air-fuel ratio of an air-fuel mixture fed 
into the engine cylinder to the stoichiometric air- 
fuel ratio. This basic fuel injection time TP is found 



in advance by experiments and is stored in ad- 
vance in the ROM 32 in the form of a map as 
shown in Rg. 2 as the function of an engine load 
Q/N (intake air amount Q/engine speed N) and the 

5 engine speed N. The correction coefficient K is a 
coefficient for controlling the air-fuel ratio of the air- 
fuel mixture fed into the engine cylinder, and if K 
= 1.0, the air-fuel ratio of the air-fuel mixture fed 
into the engine cylinder becomes the 

10 stoichiometric air-fuel ratio. Contrary to this, when 
K becomes smaller than 1.0, the air-fuel ratio of the 
air-fuel mixture fed into the engine cylinder be- 
comes larger than the stoichiometric air-fuel ratio, 
that is. becomes lean, and when K becomes larger 

15 than 1.0, the air-fuel ratio of the air-fuel mixture fed 
Into the engine cylinder t)ecomes smaller than the 
stoichiometric air-fuel ratio, that is, becomes rich. 

This conrection coefficient K is controlled in 
accordance with the operating stete of the engine. 

20 Rgure 3 shows one embodiment of the control of 
this correction coefficient K. In the embodiment 
shown in Rg. 3, during a warm-up operation, the 
correction coefficient K is gradually lowered as the 
engine cooling water temperature t>ecomes higher. 

25 When the warm-up is completed, tiie conrection 
coefficient K is maintained at a constant value 
smaller than 1 .0, that Is, the air-fuel ratio of the air- 
fuel mixture fed into the engine cylinder is main- 
tained as lean. Sut>sequently, when an acceleration 

30 operation is carried out, the conrection coefficient K 
is brought to, for example, 1.0, that is, the air-fuel 
ratio of the air-fuel mixture fed into the engine 
cylinder Is brought to the stoichiometric air-fuel 
ratio. When a full k>ad operation is carried out the 

35 correction coefficient K is made larger than 1.0. 
Namely, the air-fuel ratio of the air-fuel mixture fed 
into the engine cylinder is made rich. As seen from 
Rg. 3, in the embodiment shown in Rg. 3, except 
for the time of the warm-up operation, the time of 

40 the acceleration operation, and the time of the full 
load operation, the air-fuel ratio of the air-fuel mix- 
ture fed into the engine cylinder is maintained at a 
constant lean air-fuel ratio, and accordingly the 
lean air-fuel mixture is burned in a majority of the 

45 engine operation region. 

Rgure 4 schematically shows the concentration 
of representative components in the exhaust gas 
discharged from the combustion chamber 3. As 
seen from Rg. 4, the concentration of the unbumt 

50 HC and CO in the exhaust gas discharged from the 
combustion chamber 3 is increased as the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 becomes richer, and the concentration 
of the oxygen O2 in the exhaust gas discharged- 

55 from the combustion chamt>er 3 is increased as the 
air-fuel ratio of the air-fuel mixture fed into the 
combustion chamt)er 3 t)ecomes leaner. 
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The NOx absorbent 18 contained in ttie casing 
19 uses, for example, alumina as a carrier. On this 
carrier, at least one substance selected from alkali 
metals, for example, potassium K, sodium Na, lith- 
ium Li, and cesium Cs; alkali earth metals, for 
example, barium Ba and calcium Ca; rare earth 
metals, for example, lanthanum La and yttrium Y; 
and precious metals such as platinum R, is car- 
ried. When referring to the ratio between the air 
and fuel (hydrocarbons) fed into the intake passage 
of the engine and the exhaust passage upstream of 
the NOx absort)ent 18 as the air-fuel ratio of the 
inflow of exhaust gas to the NOx absort)ent 18, this 
NOx at>sort)ent 18 performs the at>sorption and 
releasing operation of NO. by at)sorbing the NOx 
when the air-fuel ratio of the inftow of exhaust gas 
is lean, while releasing the at)sorbed NOx when the 
concentration of oxygen in the inflow of exhaust 
gas falls. Note that, where the fuel (hydrocaritons) 
or air is not fed into the exhaust passage upstream 
of the NQx at)sort)ent 18. the air-fuel ratio of the 
inflow of exhaust gas coincides with the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3. and accordingly In this case, the NO. 
absorbent 18 absorbs the NQx when the air-fuel 
ratio of the air-fuel mixture fed Into the combustion 
chamt>er 3 is lean and releases the absort>ed NOx 
when the concentration of oxygen in the air-fuel 
mixture fed into the combustion chamber 3 is 
lowered. 

When the at)ove-mentioned NQx absorit)ent 18 
is disposed in the exhaust passage of the engine, 
this NQx absort)ent 18 actually perfonms the ab- 
sorption and releasing operation of NQx. but there 
are areas of the exact mechanism of this absorp- 
tion and releasing operation whk:h are not clear. 
However, it can be considered that this absorption 
and releasing operation is conducted by the 
mechanism as shown In Rg. 5. This mechanism 
will be explained by using as an example a case 
where platinum R and t>arium Ba are carried on 
the carrier, but a similar mechanism is obtained 
even if another precious metal, alkali metal, alkali 
earth metal, or rare earth metal is used. 

Namely, when the inflow of exhaust gas be- 
comes considerably lean, the concentration of oxy- 
gen in the inflow of exhaust gas is greatly in- 
creased. As shown in Fig. 5(A), tiie oxygen Qz is 
deposited on the surface of the platinum R in the 
form of O2". On the other hand, the NO in the 
inflow of exhaust gas reacts with the 02~ on the 
surface of the platinum R and becomes NO2 (2N0 
+ Q2 2NO2). Subsequentiy, a part of the pro- 
duced NQ2 is oxidized on the platinum R and 
absorbed into the absort)ent. While bonding with 
the barium oxide BaO, it is diffused in the absor- 
bent in the form of nitric acid ions HQs' as shown 
in Rg. 5(A). In this way, NOx is absorit>ed into the 



NQx absorbent 18. 

So long as the oxygen concentration in the 
Inflow of exhaust gas is high, the NOx is produced 
on the surface of the platinum R, and so long as 
5 ttie NQx absorption ability of ttie absorii)ent is not 
saturated, the NOx >s absort)ed into the absort)ent 
and nitric acid ions NOa' are produced. Contrary 
to this, when the oxygen concentration in the inflow 
of exhaust gas is lowered and the production of 
70 NO2 is lowered, the reaction proceeds in an in- 
verse direction (NOa" NQz). and tiius nitric add 
ions N03~ in the absorit)ent are released in the 
form of NO2 from tiie absort)ent. Namely, when ttie 
oxygen concenti^ation in the inflow of exhaust gas 

75 is lowered, the NQx is released from the NOx 
absoribent 18. As shown in Rg. 4, when the degree 
of leanness of the inflow of exhaust gas k)ecomes 
low. the oxygen concentration in the inflow of ex- 
haust gas is towered, and accordingly when ttie 

20 degree of leanness of the inflow of exhaust gas is 
lowered, ttie NQx is released from ttie NOx absor- 
bent 18 even if ttie air-fuel ratio of the inflow of 
exhaust gas is lean. 

On the other hand, at this time, when the air- 

25 fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 is made rich and the air-fuel 
ratio of the inflow of exhaust gas becomes rich, as 
shown in Rg. 4, a large amount of unbumt HO and 
CO is discharged from ttie engine, and ttiese un- 

30 burnt HC and CO react with the oxygen O2" on the 
platinum R and are oxidized. Also, when the air- 
fuel ratio of the inflow of exhaust gas t)ecomes rich, 
the oxygen concentration in the infk>w of exhaust 
gas is extremely towered, and ttierefbre the NO^ is 

35 released from the at)sort)ent. This NQ2 reacts with 
the unbumt HC and CO as shown in Rg. 5(8) and 
is reduced. In this way, when the NO2 no longer 
exists on the surface of the platinum R. the NO2 is 
successively released from the absorbent. Accord- 

40 ingly. when the air-fuel ratio of ttie inflow of exhaust 
gas is made rich, the NOx is released from ttie NOx 
absorbent 18 in a short time. 

Namely, when the air-fuel ratio of ttie inflow of 
exhaust gas is made rich, first of all. the unbumt 

45 HC and CO immediately react with the O2" on the 
platinum R and are oxidized, and subsequently if 
the unbumt HC and CO still remain even though 
the Q2" on the platinum R is consumed, ttie NOx 
released from ttie absorbent and the NOx clis- 

50 charged from the engine are reduced by these 
unbumt HC and CO. Accordingly, when the air-fuel 
ratio of the inflow of exhaust gas is made rich, the 
NQx absoribed In ttie NOx absorbent 18 is released 
in a short time and In addition ttiis released NOx is 

66 reduced, and therefore the discharge of NOx into 
the atmosphere can be blocked. Also, since the 
NQx ak)soribent 18 has the function of a reduction 
catalyst, even if ttie air-fuel ratio of the inflow of 
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exhaust gas is made the stoichiometric air-fuel 
ratiOp the NOx released from the NOx absort)ent 18 
can be reduced. However, where the air-fuel ratio 
of the inflow of exhaust gas is made the 
stoichiometric air-fuel ratio, the NOx is released 
merely gradually from the NQx at>sort)ent 18. and 
therefore a slightly long time is required for releas- 
ing all NOx absort)ed in the NOx absort>ent 18. 

When the degree of leanness of the inflow of 
exhaust gas is lowered as mentioned t)efore, even 
if the air-fuel ratio of the inflow of exhaust gas is 
lean, the NOx is released from the NOx at)sorbent 
18. Accordingly, to release the NOx from the NOx 
absort>ent 18, It is satisfactory if the concentration 
of oxygen in the inflow of exhaust gas is lowered. 
Note, even If the NQx is released from the NQx 
absort)ent 18, when the air-fuel ratio of the inflow of 
exhaust gas is lean, the NOx is not reduced in the 
NQx absort)ent 18. and accordingly, in this case, it 
is necessary to provide a catalyst which can re- 
duce the NQx downstream of the NOx absort>ent 18 
or supply a reducing agent downstream of the NOx 
absort)ent 18. Of course, it is also possible to 
reduce the NOx downstream of the NOx absort)ent 
18 in this way. but it is rather preferable that the 
NQx be reduced in the NQx absort>ent 18. Accord- 
ingly, in the embodiment according to the present 
invention, when the NOx should be released from 
the NOx absort)ent 18. the air-fuel ratio of the inflow 
of exhaust gas is made the stoichiometric air-fuel 
ratio or rich, whereby the NQx released from the 
NQx absoribent 18 is reduced in the NQx at)sort>ent 
18. 

Rgure 6 shows the at)sorption rate R of the 
NOx absorbed into the NOx at>sort>ent 18 when the 
air-fuel ratio of the inflow of exhaust gas is lean. 
Note that, the at>scissa T shows the temperature of 
the NOx absort)ent 18. In actuality, the temperature 
T of the NQx absorit)ent 18 becomes almost equal 
to the temperahjre of the exhaust gas flowing into 
the NOx absort)ent 18. As seen from Rg. 6, when 
the temperature of the NOx at)sorl)ent 18 becomes 
lower than about 200 * C indicated by Ti . the oxida- 
tion function of NQx (2N0 + 02-^ 2NQ2) is 
weakened, and therefore the NOx absorption rate R 
is lowered. Moreover, at this time, also the releas- 
ing operation of NOx (NOa" NO2) is weakened, 
and therefore even if the air-fuel ratio of the inflow 
of exhaust gas is made the stoichiometric air-fuel 
ratio or rich, it becomes impossible to release the 
NOx from the NOx absori[)ent 18 well. On the other 
hand, when the temperature T of the NOx absor- 
bent 18 becomes higher than about 500 *C in- 
dicated by T2, the NQx absoribed in the NOx ab- 
sorbent 18 is decomposed and naturally released 
from the NOx absort>ent 18. and therefore the NOx 
absorption rate is lowered. Accordingly, the NOx 'S 
absorbed well into the NQx absorbent 18 when the 



temperature T of the NOx absorit>ent 18 is within 
the predetermined temperature range (Ti < T < 
T2). 

As shown in Rg. 3, in the embodiment accord- 
5 ing to the present invention, the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamt>er 3 
is made rich at the time of the warm-up operation 
and at the time of the full toad operation, and the 
air-fuel ratio is made the stoichiometric air-fuel ratio 

10 at the time of the acceleration operation, but the 
lean air-fuel mixture is bumed in the combustion 
chamber 3 in the majority of the operation region 
other than these. In this case, the air-fuel ratio of 
the air-fuel mixture bumed in the combustion 

15 chamber 3 is about more than 18.0. In the emtKxti- 
ment shown in Rg. 1. a lean air-fuel mixture having 
an air-fuel ratio of from atx)ut 20 to 24 is bumed. 
When the air-fuel ratio t)ecomes more than 18.0. 
even If the three-way catalyst has a reduction prop- 

20 erty under a lean air-fuel ratio, it cannot sufftoiently 
reduce the NOx, and accordingly the three-way 
catalyst cannot be used so as to reduce the NOx 
under such a lean air-fuel ratio. Also, as a catalyst 
which can reduce the NQx even if the air-fuel ratio 

25 is more than 18.0, there is a Cu-zeolite catalyst, tnit 
this Cu-zeolite catalyst lacks heat resistance, and 
therefore the use of this Cu-zeolite catalyst is not 
preferable in practice. Accordingly, in the end, 
there is no method of purifying the NQ. when the 

30 air-fuel ratio Is more than 18.0 other than the meth- 
od of using the NQx at)sort)ent 18 which is used in 
the present invention. 

In the embodiment according to the present 
invention, as mentioned atx>ve, the air-fuel ratio of 

35 the air-fuel mixture fed into the combustion cham- 
ber 3 is made rich at tiie time of the full load 
operation, and that of the air-fuel mixture is made 
the stoichiometric air-fuel ratio at the time of the 
acceleration operation, and therefore NQx is re- 

40 leased from the NQx at)sorit>ent 18 at the time of 
the full load operation and at the time of the 
acceleration operation. However, when the frequen- 
cy of such a full load operation or acceleration 
operation is low, even if the NQx is released from 

45 the NOx absori>ent 18 only at tiie time of the full 
load operation and acceleration operation, the ab- 
sorption ability of the NOx by the NOx absort>ent 18 
is saturated during the period where the lean air- 
fuel mixture is bumed. and thus the NQx is no 

50 longer absort>ed by tiie NOx absoribent 18. Accord- 
ingly, in the embodiment according to the present 
invention, when the lean air-fuel mixture is continu- 
ously bumed, as shown In Rg. 7(A), the air-fuel 
ratio of tiie inflow of exhaust gas is periodically 

55 made rich, or the air-fuel ratio of the inflow of 
exhaust gas is periodically made the stoichiometric 
air-fuel ratio as shown in Rg. 7(B). Note ttiat, in this 
case, as shown in Rg. 7(C), it is also possible to 



6 



9 



EP 0 560 991 At 



10 



periodicaify lower the degree of leanness, but in 
this case, the NOx is not reduced in the NOx 
absort)ent 18, and therefore, as mentioned before, 
the NOx rriust be reduced downstream of the NOx 
absort)ent 18. 

As shown in Rg. 7(A). looking at the case 
where the air-fuel ratio of the inflow of exhaust gas 
is periodically made rich, a time tz over which the 
air-fuel ratio of the inflow of exhaust gas is made 
rich is much shorter than the time ti over which the 
comtHistion of the lean air-fuel mixture is carried 
out. Concretely speaking, while the time t2 over 
which the air-fuel ratio of the inflow of exhaust gas 
is made rich is less than about 10 seconds, the 
time ti over which the combustion of the lean air- 
fuel mixture Is carried out becomes a time of from 
10 odd minutes to one hour or more. Namely, in 
other words, h becomes 50 times or more longer 
than ti. This is true also In the cases shown in 
Rgs. 7(B) and 7(C). 

The releasing operation of the NOx from the 
NOx absorbent 18 is canied out when a constant 
amount of NOx is absorbed into the NQx absort)ent 
18, for example when NO. of 50% of the absorp- 
tion ability of tiie NQx absorbent 18 Is absorbed. 
The amount of NOx absori[)ed into the NOx al>sor- 
bent 18 is proportional to the amount of the ex- 
haust gas discharged from the engine and the NOx 
concentration in the exhaust gas. In this case, the 
amount of the exhaust gas is proportional to the 
intake air amount, and the NOx concentration in the 
exhaust gas is proportional to the engine load, and 
therefore the amount of NOx absort)ed into the NOx 
ak)sort)ent 18 is correctiy proportional to the 
amount of intake air and the engine load. Accord- 
ingly, the amount of the NOx absort)ed in the NOx 
absorbent 18 can be estimated from the cumulative 
value of the product of the amount of the intake air 
with the engine load, but in the emt>odiment ac- 
cording to the present invention, it is simplified and 
the amount of NOx absort>ed in the NOx absoribent 
18 is estimated from the cumulative value of the 
engine speed. 

An explanation will be made next of one em- 
bodiment of absorption and releasing control of the 
NOx absoribent 18 according to the present inven- 
tion with reference to Rg. 8 and Rg. 9. 

Rgure 8 shows an interruption routine execut- 
ed at predetermined time intervals. 

Referring to Rg. 8. first, it is judged at step 100 
whether or not the correction coefficient K with 
respect to the basic fuel injection time TP is small- 
er than 1.0, that is, whether or not the lean air-fuel 
mixture has been bumed. When K < 1.0. that is, 
when the lean air-fuel mixture has been bumed, the 
processing routine goes to step 101, at which the 
result of addition of CNE to the current engine 
speed NE is defined as INE. Accordingly, this 



ENE indicates the cumulative value of the engine 
speed NE. Subsequentiy, at step 102, it is judged 
whether or not the cumulative engine speed CNE is 
larger than the constant value SNE. This constant 

5 value SNE shows a cumulative engine speed from 
which it is estimated that NOx in an amount of for 
example 50% of the absorption ability of NOx is 
absorbed by ti)e NOx absorbent 18. When ENE ^ 
SNE, the processing cycle is completed, and when 

10 ENE > SNE. tiiat is. when it is estimated tiiat NOx 
in an amount of 50% of the NQx at)sorption akxlity 
of the NOx absoribent 18 is absorit>ed therein, the 
processing routine goes to step 103. At step 103, it 
is judged whether or not the exhaust temperature T 

fs is lower than a constant value Ti, for example, 
200 •C. When T < Ti, the processing cycle is 
completed, and when T ^ Ti , the processing rou- 
tine goes to step 104, at which the NOx releasing 
flag is set. When the NOx releasing flag is set, as 

20 will be mentioned later, the air-fuel ratio of the air- 
fuel mixture fed into the engine cylinder is made 
rich. 

Subsequentiy, at step 105, the count value C is 
incremented exactly by "1 Subsequentiy, at step 

25 106, it is judged whether or not the count value C 
becomes larger than a constant value Co. that is, 
whether or not for example five seconds have 
elapsed. When C ^ Co, the processing routine is 
completed, and when C becomes larger than Co, 

30 the processing routine goes to step 107, at which 
the NOx releasing flag is reset. When the NOx 
releasing flag is reset, as will be mentioned later, 
the air-fuel ratio of the air-fuel mixture fed into the 
engine cylinder is switched from rich to lean, and 

35 thus the air-fuel ratio of the air-fuel mixture fed into 
the engine cylinder is made rich for 5 seconds. 
Subsequently, at step 108, the cumulative engine 
speed ENE and the count value C are brought to 
zero. 

40 On the other hand, at step 100. wfien it is 
decided that K ^ 1.0, that Is, when the air-fuel ratio 
of the air-fuel mixture fed into the engine cylinder 
is the storchiometric air-fuel ratio or rich, ttie pro- 
cessing routine goes to step 109, at which it is 

45 judged whether or not the state of K ^ 1.0 is 
continued for a constant time, for example, 10 
seconds. When the state of K ^ 1 .0 is not contin- 
ued for the predetermined time, the processing 
cycle is completed, and when the state of K ^ 1.0 

50 is continued for the predetemnined time, the pro- 
cessing routine goes to step 110, at which the 
cumulative engine speed ENE is brought to zero. 

Namely, when the time over which tiie air-fuel 
ratio of the air-fuel mixture fed into the engine 

55 cylinder is made the stoichiometric air-fuel ratio or 
rich is continued for about 10 seconds, it can t>e 
considered that most of the NOx absorbed in the 
NOx absorbent 18 was released, and accordingly in 
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this case, the cumulative engine speed CNE Is 
brought to zero at step 110. Also, at step 103. 
when T < Ti . even if the air-fuel ratio of the air-fuel 
mixture fed into the engine cylinder is made rich, 
the temperature of the NOx absorioent 18 is low, 
and therefore the NQx is not released from the NQx 
absort)ent 18. Accordingly, when T < Ti , the pro- 
cessing is delayed until T t)ecomes equal to or 
larger than Ti, and when T becomes equal to or 
larger than Ti, the air-fuel ratio of the air-fuel 
mixture fed into the engine cylinder is made rich. 

Rgure 9 shows a calculation routine of the fuel 
injection time TAU. This routine Is repeatedly ex- 
ecuted. 

Refening to Fig. 9, first, at step 200, a k>asjc 
fuel injection time TP Is calculated from a map 
Indicated in Rg. 2. Sut)sequently. at step 201, it Is 
judged whether or not the operation state Is a state 
where combustion of the lean air-fuel mixture 
should be carried out. When it is not an operation 
state where combustion of the lean air-fuel mixture 
should be carried out, that is, at the time of the 
warm-up operation, acceleration operation, or full 
load operation, the processing routine goes to step 
202, at which the confection coefficient K is cal- 
culated. At the time of an engine warm-up opera- 
tion, this correction coefficient K is a function of the 
engine cooling water temperature and becomes 
smaller as the engine cooling water temperature 
t)ecomes higher within a range indicated by K ^ 
1.0. Also, at the time of the acceleration operation, 
the correction coefficient K is brought to 1.0, and at 
the time of the full load operation, the correction 
coefficient K is made a value larger than 1.0. Sut>- 
sequentiy, at step 203, the correction coefficient K 
is made Kt, and subsequentiy, at step 204, the fuel 
injection time TAU (= TP«Kt) is calculated. At this 
time, the air-fuel ratio of the air-fuel mixture fed into 
the engine cylinder is made the stoichiometric air- 
fuel ratio or rich. 

On the other hand, at step 201, when it is 
judged that the operation state is a state where 
combustion of the lean air-fuel mixture should be 
cam'ed out, the processing routine goes to step 
205. at which it is judged whether or not the NQx 
releasing flag has been set. When the NOx releas- 
ing flag has not been set, the processing routine 
goes to step 206, at which the conrection coeffi- 
cient K is made for example 0.6. and subsequently, 
at step 207, the connection coefficient K is changed 
to Kt, and then the processing routine goes to step 
204. Accordingly, at this time, a lean air-fuel mix- 
ture is fed into the engine cylinder. On the other 
hand, when it is decided at step 205 that the NOx 
releasing flag was set, the processing routine goes 
to step 208, at which the preliminarily determined 
value KK is changed to Kt, and subsequentiy the 
processing routine goes to step 204. This value KK 



is a value of from ak>out 1.1 to 1.2 with which the 
air-fuel ratio of the air-fuel mixture fed into the 
engine cylinder t)ecomes atx)ut 12.0 to 13.5. Ac- 
cordingly, at this time, the rich air-fuel mixture is 

5 fed Into the engine cylinder, whereby the NOx 
absorbed in the NQx absorbent 18 Is released. 
Note ttiat, at the releasing of NQx, where the air- 
fuel mixture is to t)e made the stoichiometric air- 
fuel ratio, the value of KK is brought to 1.0. 

10 Rgure 10 indicates another embodiment In 
tills embodiment, the same constituent elements as 
those shown in Rg. 1 are indicated by the same 
reference numerals. 

As shown in Rg. 10, in this emtxxJiment, an 

75 air-fuel ratio sensor 22 which can detect the air-fuel 
ratio over a wide range is disposed in ttie exhaust 
manifold 16. This air-fuel ratio sensor 22 generates 
an output voltage V in accordance with the air-fuel 
ratio (A/F) as shown in Rg. 11. Accordingly, the alr- 

20 fuel ratio can be learned from this output voltage V. 
The output voltage v is input via the AD converter 
41 to the input port 35 as shown in Rg. 10. 

In the embodiment indicated in Rg. 1, the 
value of the correction coefficient K is open loop 

25 controlled, and accordingly there is a risk that the 
lean air-fuel ratio at the combustion of the lean air- 
fuel mixture and the rich air-fuel ratio at the releas- 
ing of NOx will deviate from the regular air-fuel 
ratios due to aging. In the embodiment shown In 

30 Rg. 10, the air-fuel ratio is subjected to feedback 
control using the air-fuel ratio sensor 22, whereby 
these lean air-fuel ratio and rich air-fuel ratio are 
always brought into coincidence with the regular 
air-fuel ratios. 

3S Namely, as shown in Rg. 10. where the air-fuel 
ratio sensor 22 is used, the fuel injection time TAU 
is cateulated based on the following equation: 

TAU = TP.K-F-G 

40 

Here, the basic fuel injection time TP and the 
correction coefficient K are the same as those used 
in the embodimenta shown in Rg. 1 to Rg. 9, and 
a feedback correction coefficient F and a leaning 

45 coefficient G are newly added to this. This feed- 
back conrection coefficient F fluctuates so that the 
air-fuel ratio coincides with the target air-fuel ratio 
based on the output voltage V of the air-fuel ratio 
sensor 22, and the teaming coefficient G is 

50 changed so that a fluctuation around 1.0 occurs. 
Note tiiat, also in this embodiment, the routine 
shown in Rg. 8 is used for controlling the NQx 
releasing flag. 

Figure 12 shows a routine for cateulating the 

55 feedback correction coefficient F, which routine is 
executed by intenruption at predetermined time in- 
tervals. 
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Referring to Rg. 12. first of all, at step 300, It is 
judged whether or not the NQk releasing flag is set. 
When the NQx releasing flag is not set. the pro- 
cessing routine goes to step 301, at which a target 
air-fuel ratio (A/f^ corresponding to the correction 
coefficient K is calculated. Subsequently, at step 
302, the current air-fuel ratio (A/F) is calculated 
from the output voltage V of the air-fuel ratio sen- 
sor 22. Subsequently, at step 303, the target air- 
fuel ratio (A/F)o is compared with the present air- 
fuel ratio (A/F). When (A/F)o > (A/F), the processing 
routine goes to step 304, at which the constant 
value a is subtracted from the feedback correction 
coefficient F. As a result, the fuel injection time 
TAU is decreased, and therefore the air-fuel ratio 
becomes larger. Contrary to this, when (A/F)o ^ - 
(A/F),the processing routine goes to step 305, at 
which the constant value a is added to the feed- 
back conrection coefficient F. As a result, the fuel 
Injection time TAU is prolonged, and therefore the 
air-fuel ratio becomes smaller. In this way, the air- 
fuel ratio (A/F) is maintained at the target air-fuel 
ratio (A/F)o. 

Subsequentiy, at step 306, the average value in 
the predetermined period of the feedback conrec- 
tion coefficient F is defined as the leaming coeffi- 
cient G. On the other hand, at step 300, when it is 
decided that tiie NOx releasing flag is set, tiie 
processing routine goes to step 307, at which the 
feedback correction coefficient F is fixed to 1.0. 

Rgure 13 indicates a calculation routine of the 
fuel injection time TAU, which routine is repeatedly 
executed. This routine is the same as the routine 
shown in Rg. 9 except for step 404. 

Namely, referring to Rg. 13, first of all, at step 
400. the basic fuel injection time TP is calculated 
from the map shown in Rg. 2. Subsequentiy, at 
step 401, it is judged whether or not the operation 
state is a state where combustion of the lean air- 
fuel mixture should be carried out. When the op- 
eration state is not a state where combustion of the 
lean air-fuel mixture should be carried out, that is, 
at the time of the wanm-up operation, acceleration 
operation, or full load operation, the processing 
routine goes to step 402, at which the correction 
coefficient K is cateulated. Subsequently, at step 
403. tfie conrection coefficient K is brought to Kt, 
and subsequentiy, at step 404, the fuel injection 
time TAU (= TP-Kt-F-G) is cateulated. At this 
time, the air-fuel ratio of the air-fuel mixture fed into 
the engine cylinder is made to have the 
stoichiometric air-fuel ratio or rich air-fuel ratio. 

On the other hand, when it is judged at step 
401 that the operation state is a state where com- 
bustion of the lean air-fuel mixture should be car- 
ried out, the processing routine goes to step 405, 
at which It is judged whether or not the NO^ 
releasing flag is set. When the NO. releasing fiag 



is not set, the processing routine goes to step 406, 
at which the correction coefficient K is changed to, 
for example. 0.6. and subsequently, after the cor- 
rection coefficient K is brought to Kt at step 407, 
5 the processing routine goes to step 404. Accord- 
ingly, at this time, the lean air-fuel mixture is fed 
into the engine cylinder. On the other hand, when it 
is decided at step 405 that the NOx releasing fiag 
was set, the processing routine goes to step 408, 
10 at which the preliminarily determined value KK is 
set to Kt and subsequentiy, the processing routine 
goes to step 404. This value KK is a value of from 
about 1.1 to 1.2. Accordingly, at this time, a rich 
air-fuel mixture is fed into the engine cylinder, 

75 whereby the NOx absorbed in the NOx at»sort)ent 
18 is released. 

As mentioned before, the leaming coefficient G 
expresses an average value of the feedback cor- 
rection coefficient F in the predetermined period. 

20 This feedback conrection coefficient F originally 
fluctuates around 1.0. For example, when assuming 
that a deposit builds up in the nozzle port of the 
fuel injector 11, the feedback conrection coefficient 
F t)ecomes larger than 1.0 so as to maintain the 

25 air-fuel ratio (A/F) at the target air-fuel ratio (A/F)o. 
In this way. when the feedt»ack conrection coeffi- 
cient F becomes larger ttian 1.0. the leaming co- 
efficient G becomes larger along with ttiis. and thus 
the feedback conrection coefficient F always fiuc- 

30 tuates around 1.0. Accordingly, in this case, wfien 
the feedback conrection coefficient F is fixed to 1.0. 
the air-fuel ratio (A/F) coincides with the target air- 
fuel ratio (A/F>) conresponding, to the conrection 
coefficient K. In the embodiment shown in Rg. 10. 

35 as shown in Rg. 12, when the NO. releasing flag is 
set, the feedback correction coefficient F is, fixed 
to 1.0. Accordingly, at this time, the air-fuel ratio of 
the air-fuel mixture fed into the engine cylinder is 
brought into a connect coincidence with the air-fuel 

40 ratio conresponding to KK. 

Rgure 14 shows still another emt)odiment. In 
this embodiment, an output side of the casing 19 is 
connected via the exhaust pipe 23 with a catalytic 
converter 25 including a tiiree-way catalyst 24 

45 therein. This three-way catalyst 24 exhibits a high 
purification efficiency with respect to the CO, HO, 
and NOx when the air-fuel ratio is maintained at 
approximately the stoichiometric air-fuel ratio as is 
well known, but this three-way catalyst 24 has a 

50 high purification efficiency with respect to the NOx 
even when the air-fuel ratio has become rich to a 
certain extent. In the embodiment shown in Rg. 14, 
a tiiree-way catalyst 24 is provided downstream of 
the NC)x at>sorbent 18 so as to purify the NC>x by 

55 utilizing this characteristic. 

Namely, as mentioned before, when the air-fuel 
ratio of the air-fuel mixture fed into the engine 
cylinder is made rich so as to release the NOx from 
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the NOx absorbent 18. the NOx absorbed in the 
NOx absorbent 18 is abruptly released from the 
NQx absorbent 18. At this time, although the NOx is 
reduced at the releasing, there is a possibility that 
all the NOx is not reduced. However, when the s 
three-way catalyst 24 is disposed downstream of 
the NOx absorbent 18. the NOx which was not 
reduced at the releasing Is reduced by the three- 
way catalyst 24. Accordingly, by disposing the 
three-way catalyst 24 downstream of the NOx ab- io 
sort)ent 18, the NQx purification perfonmance can 
be further improved. 

Rgure 15 shows more still another embiodi- 
ment. In this embodiment, still another catalystic 
converter 27 including a three-way catalyst 26 is fs 
disposed between the exhaust manifold 16 and the 
exhaust pipe 17. In this way. when the three-way 
catalyst 26 is disposed near the exhaust port 8. the 
three-way catalyst 26 is in contact with exhaust gas 
having a higher temperature in comparison with the 20 
NQx absorbent 18 and the three-way catalyst 24, 
and tiierefore the three-way catalyst 26 abruptiy 
rises in its temperature after a start of the engine in 
comparison with the NOx absoribent 18 and the 
three-way catalyst 24, Accordingly, when providing 2s 
such a three-way catalyst 26. it becomes possible 
to purify the unbumt HC and CO generated in a 
large amount during the engine warm-up operation 
by the three-way catalyst 26 from an early time 
after the start of the engine. 30 

In the embodiments mentioned heretofore, as 
the NOx absort)ent. use is made of an NOx absor- 
bent 18 in which at least one substance selected 
from alkali metals, alkali earth metals, rare earth 
metals, and precious metals is carried on the alu- 35 
mina. However, it is possible to use a composite 
oxide of an alkali earth metal with copper, that, is a 
Ba-Cu-O system NQx al>sorit>ent, instead of the use 
of such an NOx absoribent ia As such a composite 
oxide of the alkali earth metal with copper, use can 40 
be made of. for example. Mn02*BaCuQ2. In this 
case, platinum R or cerium Ce can t)e added. 

In tills MnQ2«BaCuQ2 system NOx absorbent, 
the copper Cu performs ttie same catalytic function 
as that of tiie platinum R of the NOx absorbent 18 45 
mentioned heretofore. When the air-fuel ratio is 
lean, the NOx is oxidized by the copper Cu (2N0 
+ 2NO2) and diffused in the absorbent in the 
form of tfie nitric acid ions NOa"". 

On the other hand, when the air-fuel ratio is 50 
made rich, similariy the NOx is released from the 
absorbent, and this NOx is reduced by the catalytic 
function of tiie copper Cu. However, the NQx re- 
duction force of the copper Cu is weaker in com- 
parison with the NOx reduction force of the plati- 55 
num R, and accordingly where the Ba-Cu-0 sys- 
tem absorbent Is used, an amount of NOx which is 
not reduced at the releasing of NOx is slightiy 



increased in comparison with the NO^ absoribent 18 
mentioned heretofore. Accordingly, where the Ba- 
Cu-0 system absorbent is used, as shown in Rg. 
14 and Rg. 15, preferably the three-way catalyst 
24 is disposed downstream of the at>soribent. 

Rgure 16 and Rgure 19 show a case where 
the present invention is applied to a diesel engine. 
Note ttiat. in Rg. 16 and Rg. 19. ttie same constitu- 
ent elements as those in Rg. 1 are shown by the 
same reference numerals. 

In the diesel engine, usually, in all operation 
states, combustion is carried out in a state where 
the excessive air ratio is more than 1.0, that is, the 
average air-fuel ratio of the air-fuel mixture in the 
combustion chamber 3 is lean. Accordingly, the 
NQx discharged at this time is absorit)ed into the 
NQx absorit)ent 18. On the other hand, when the 
NOx should be released from ttie NOx absorit>ent 

18. the air-fuel ratio of the inflow of exhaust gas to 
the NQx at>sorit>ent 18 is made rich. In this case, in 
the emtxxjiment shown in Rg. 16. the average air- 
fuel ratio of the air-fuel mixture in the combustion 
chamber 3 is made rich, whereby the air-fuel ratio 
of ttie inflow of exhaust gas to ttie NQx absorbent 
18 is made rich. In the embodiment shown in Rg. 

19. the average air-fuel ratio of the air-fuel mixture 
in the combustion chamber 3 is made lean, and the 
hydrocarbon is fed into the exhaust passage of 
engine upstream of the NO. absorbent 18, whereby 
the air-fuel ratio of the inflow of exhaust gas to the 
NQx absorbent 18 is made rich. 

Refening to Rg. 16. in this embodiment, a load 
sensor 51 generating an output voltage proportional 
to the amount of depression of the accelerator 
pedal 51 is provided, and the output voltage of this 
load sensor 51 is input via the AD converter 52 to 
the input port 35. Also, in this embodiment, a 
throttie valve 53 is disposed in the intake duct 12, 
which ttiroMe valve 53 is connected to a diaphragm 
55 of a vacuum diaphragm device 54. A diaphragm 
vacuum chamber 56 of the vacuum diaphragm 
device 54 is selectively connected with the at- 
mosphere or a vacuum tank 58 via an electromag- 
netic switching valve 57, while ttie output port 36 of 
the electronic control unit 30 is connected to the 
electromagnetic switching valve 57 via a driving 
circuit 59. For the electromagnetic switching valve 
57, a ratio between a time for which ttie diaphragm 
vacuum chamt)er 56 is communicated wrtti the 
atmosphere and a time for which it is commu- 
nicated with the vacuum tank 58, ttiat is, the duty 
ratio DUTY, is controlled. As this duty ratio DUTY 
becomes larger, ttie opening degree of ttie ttirottle 
valve 53 becomes smaller. 

In this embodiment, when the NO. should be 
released from ttie NOx absorbent 18, ttie amount of 
injection from the fuel injector 1 1 Is Increased only 
by a constant amount AQ witti respect to the 
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requested injection amount with which the best 
combustion is obtained, and simultaneously the 
throttle valve 53 Is opened to the predetennlned 
opening degree so that the average air-fuel ratio of 
the air-fuel mixture in the combustion chamber 3 5 
becomes rich. Namely, when the amount of injec- 
tion from the fuel injector 11 is increased by only 
the constant amount AQ with respect to the re- 
quested injection amount with which the best com- 
bustion is obtained, this Increased amount worth io 
AQ Is not bumed well and is discharged to the 
interior of the exhaust port 8 in the form of unburnt 
HC and CO. Also, at this time, the amount of air 
fed into the combustion chamber 3 is decreased 
by the opening operation of the throttle valve 53, is 
and therefore the air-fuel ratio of the exhaust gas 
discharged to the interior of the exhaust port 8 
become rich. Accordingly, the air-fuel ratio of the 
inflow of exhaust gas flowing into the NOx absor- 
bent 18 becomes rich, and thus the NQx is re- 20 
leased from the NOx absorit)ent 18. The amount AQ 
of increase of fuel and amount of opening of the 
throttie valve 53 when the NQx should be released 
from tiie NQx absorbent 18 are preliminarily found 
by experiment. 25 

Rgure 17 shows an interruption routine ex- 
ecuted at predetermined time intervals for execut- 
ing the above-mentioned control. 

Refem'ng to Rg. 17, first of all, at step 500, a 
result obtained by adding £NE to the present en- 30 
gine speed NE is defined as £NE. Accordingly, this 
LNE indicates the cumulative value of the engine 
speed NE. Subsequentiy, at step 501, it is judged 
whether or not the cumulative engine speed ENE is 
larger than the predetermined value SNE. This 35 
predetermined value SNE indicates the cumulative 
engine speed from which it is estimated that the 
NOx in an amount of for example 50% of the NOx 
absorption ability of the NQx absoribent 18 Is ab- 
soribed therein. When ENE ^ SNE, ttie processing 40 
cycle is completed, and when ENE > SNE, ttiat is, 
when it is estimated that the NOx in an amount of 
50% of tiie NQx absorption ability of the NOx 
absorbent 18 is absorbed therein, the processing 
routine goes to step 502. At step 502. it is judged 45 
whether or not the exhaust temperature T is lower 
than the predetermined value Ti, for example, 
200 -C. When T < Ti, ttie processing cycle is 
completed, and when T ^ Ti , the processing rou- 
tine goes to step 503, at which the NOx releasing 50 
flag Is set. When the NOx releasing flag is set. as 
will be mentioned later, the fuel injection amount is 
increased, and the throttle valve 53 is opened to 
the constant opening degree. 

Subsequentiy, at step 504, the count value C is 55 
incremented exactly by "1 ". Subsequently, at step 
505, it is judged whether or not the count value C 
becomes larger than the predetemnined value Cb. 



that is, whether or not for example 5 seconds 
elapsed. When C ^ Cb, the processing routine is 
completed, and when C becomes larger than Co, 
the processing routine goes to step 506, at which 
ttie NQx releasing flag is reset. When ttie NQx 
releasing flag is reset, as will be mentioned later, 
the increasing operation of the fuel injection 
amount is stopped, and the ttirottie valve 53 is fully 
opened. Accordingly, the air-fuel ratio of the ex- 
haust gas flowing into the NQx absoribent 18 is 
made rich for 5 seconds. Subsequentiy. at step 
507, the cumulative engine speed ENE and the 
count value C are brought to zero. 

Rgure 18 shows a main routine. 

Referring to Rg. 18. first of all. at step 600, the 
fuel injection amount Q is calculated based on the 
output signals from the engine speed sensor 21 
and the load sensor 51. Sut>sequently. it is judged 
at step 601 whether or not ttie NQx releasing flag 
has been set. When the NOx releasing flag has not 
been set. the processing routine goes to step 607. 
at which the duty ratio DUTY is brought to zero, 
and subsequentiy ttie processing routine goes to 
step 605, at which ttie control of ttie throttie valve 
53 is carried out. At this time, the duty ratio DUTY 
is zero, and therefore the throttle valve 53 is re- 
tained at the fully open state. Subsequentiy, at step 
606. the fuel injection processing is carried out, 
and the injection amount at this time t)ecomes the 
Injection amount Q calculated at step 600. 

On the otiier hand, when it is decided at step 
601 that the NOx releasing flag has been set, the 
processing routine goes to step 602, at which ttie 
Injection amount increase value AQ is calculated. 
Subsequentiy. at step 603. the increase value AQ 
is added to the injection amount Q, to obtain a new 
injection amount Q. Subsequentiy, at step 604, the 
duty ratio DUTY is calculated. Subsequentiy, at 
step 605, the throttle vah/e 53 is opened to the 
opening degree determined by the duty ratio 
DUTY, and subsequentiy, at step 606. the fuel is 
injected from tiie fuel Injector 11 according to the 
injection amount Q calculated at step 603. 

In the emtx)diment shown in Rg. 19. a reduc- 
ing agent supply valve 60 is disposed in ttie ex- 
haust pipe 17. which this reducing agent supply 
valve 60 is connected with a reducing agent tank 
62 via a sujf^ly pump 61 . The output port 36 of the 
electronic control unit 30 is connected to the reduc- 
ing agent supply valve 60 and the supply pump 61 
via ttie driving circuits 63 and 64. respectively. In 
the reducing agent tank 62. a hydrocaritx>n such as 
gasoline, isoctane. hexane, heptane, light oil. kero- 
sine, or the like or a hydrocarbon such as butane, 
propane, or the like which can be stored in the 
state of a liquid is filled. 

In this embodiment, usually the air-fuel mixture 
in the combustion chamt>er 3 is bumed under an 
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excess air state, that is, in a state wtiere the 
average air-fuel ratio is lean. At this time, the NOx 
discharged from the engine is absort>ed into the 
NOx absort)ent 18. When the NOx should be re- 
leased from the NOx absort>6nt 18, the supply 5 
pump 61 is driven and, at the same time, the 
reducing agent supply valve 60 is opened, whereby 
the hydrocartwn filled in the reducing agent tank 
62 is supplied from the reducing agent supply 
valve 60 to the exhaust pipe 17 for a predeter- io 
mined time, for example, about 5 seconds to 20 
seconds. The amount of supply of the hydrocarbon 
at this time is determined so that the air-fuel ratio 
of the inflow of exhaust gas flowing into the NOx 
absort)ent 18 becomes rich. Accordingly, at this 75 
time, the NQx is released from the NQx absorbent 
18. 

Rgure 20 shows a routine for executing the 
NOx releasing processing, which routine is execut- 
ed by Interruption at every predetermined time 20 
interval. 

Referring to Rg. 20, first of all. at step 700. a 
result ot>tained by adding CNE to the present en- 
gine speed NE is defined as CNE. Accordingly, this 
ENE indicates the cumulative value of the engine 2s 
speed NE. Sut)sequently, at step 701 , it is judged 
whether or not the cumulative engine speed ENE is 
larger than the predetenmined value SNE. This 
predetermined value SNE Indicates a cumulative 
engine speed from which it is estimated that the 30 
NOx in an amount of, for example. 50% of the NOx 
absorption ability of the NOx absorbent 18 is at)- 
sorbed therein. When ENE ^ SNE, the processing 
cycle is completed, and when ENE > SNE, that is, 
when it is estimated that the NOx in an amount of 35 
50% of the NOx absorption ability of the NOx 
absort>ent 18 is absort>ed therein, the processing 
routine goes to step 702. At step 702, it is judged 
whether or not the exhaust temperature T is lower 
than the predetermined value Ti, for example, 40 
200*0. When T < Ti, the processing cycle is 
completed, and when T ^ Ti , the processing rou- 
tine goes to step 703, at which the supply pump 61 
is driven for a predetermined time, for example, 
about 5 seconds to 20 seconds. Subsequentiy, at 45 
step 704, the reducing agent supply valve 60 is 
opened for a predetermined time, for example, 
about 5 seconds to 20 seconds, and subsequentiy. 
at step 705, the cumulative engine speed ENE is 
brought to zero. so 

As mentioned before, when the temperature is 
lowered, the NOx absort)ent 18 becomes not able 
to absorb the NQx. However, in all of the embodi- 
ments mentioned heretofore, the exhaust gas is 
always flows into the NOx absorbent 18 during the 55 
operation of the engine, and therefore the NOx 
absorbent 18 is retained at a relatively high tem- 
perature. Accordingly, it becomes possible to 



cause the NOx generated during the engine opera- 
tion to be absorbed In the NQx absorbent 18 well. 
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combustion chamber; 
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intake valve; 
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exhaust valve; 


17.23 


exhaust pipes; 


18 


NQx absort>ent; 


20 


temperature sensor; and 


24,26 


three-way catalysts. 



Claims 



1. An exhaust purification device of an internal 
combustion engine wherein an NOx absorbent 
which at>sorbs the NOx when an air-fuel ratio of 
the inflow of exhaust gas is lean and releases 
an absorbed NOx when the oxygen concentra- 
tion in the inflow of exhaust gas is lowered is 
disposed in an exhaust passage of the engine, 
the exhaust gas continuously flows into the 
NOx ak)sort)ent during an operation of the en- 
gine, and the NOx absorbed in the NOx absor- 
benX when the exhaust gas flowing into the 
NOx absort)ent is lean is released from the 
NOx absort>ent when the oxygen concentration 
of the exhaust gas flowing into the NQx at>s- 
orbent is lowered. 

2. An exhaust purification device of an internal 
combustion engine according to claim 1, 
wherein the NOx absorit>ed in the NQx absor- 
bent is released from the NQx absoribent by 
making the exhaust gas flowing into the NQx 
absorbent rich. 

3^ An exhaust purification device of an intemal 
combustion engine according to claim 1. 
wherein the NOx absort)ed in the NOx absor- 
bent is released from the NOx absorit)ent by 
making the exhaust gas flowing into the NQx 
absort>ent to be substantially the stoichiometric 
air-fuel ratio. 

4. An exhaust purification device of an intemal 
combustion engine according to claim 1. 
wherein a time for which the air-fuel ratio of the 
exhaust gas flowing into the NOx absort>ent is 
made lean and the NOx is absort>ed in the NOx 
at)sorbent is 50 times or more longer than the 
time for which the oxygen concentration in the 
exhaust gas flowing into the NOx absorbent is 
lowered so as to release the NOx fi^om the NOx 
absort>ent. 
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5. An exhaust purification device of an internal 
combustion engine according to claim 1, 
wherein the air-fuel ratio of the exhaust gas 
flowing into the NOx absort>ent is more than 
18.0 when the NQx Is absort>ed into the NOx s 
absort)ent. 

6. An exhaust purification device of an intemal 
combustion engine according to claim 1, 
wherein the NOx absortient contains at least io 
one substance selected from alkali metals 
comprising potassium, sodium, lithium, or 
cesium, alkali earth metals comprising barium 

or calcium, rare earth metals comprising lan- 
thanum or yttrium and contains platinum. 75 

7. An exhaust purification device of an intemal 
combustion engine according to claim 1, 
wherein the NOx absort>ent comprises a com- 
posite oxide of t>arium and copper. 20 

8. An exhaust purificatton device of an intemal 
combustion engine according to claim 1, 
wherein air-fuel ratio control means is provided 

for controlling the air-fuel ratio of the air-fuel 2s 
mixture fbnmed in an engine combustion 
chamber, and the absorption of NOx into the 
NOx absorbent and the releasing of NOx from 
the NOx absort>ent are controlled by controlling 
the air-fuel ratio of the air-fuel mixture formed so 
In the engine combustion chamber by said air- 
fuel ratio control means. 

9. An exhaust purification device of an intemal 
combustion engine according to claim 8, as 
wherein said air-fuel ratio control means makes 

the air-fuel ratio of the air-fuel mixture formed 
in the combustion chamber lean when the NOx 
should be absorbed into the NOx absorbent 
and makes the air-fuel ratio of the air-fuel 4o 
mixture formed in the combustion chamt)er the 
stoichiometric air-fuel ratio or rich when the 
NOx should be released from the NO. aJtoor- 
bent. 

45 

10. An exhaust purification device of an internal 
combustion engine according to claim 9. 
wherein the Intemal combustion engine com- 
prises a gasoline engine and said air-fuel ratio 
control means controls the at)sorption of NOx so 
into the NOx absoribent and the releasing of 
NOx from the NOx absorbent by controlling the 

fuel amount supplied to the engine. 

11. An exhaust purification device of an internal 55 
combustion engine according to claim 10. 
wherein said air-fuel ratio control means main- 
tains the air-fuel ratio of the air-fuel mixture 



formed in the combustion chamber at almost a 
constant lean air-fuel ratio of more than 18.0 
when the NOx should be absort)ed into the 
NOx absort>ent. 

12. An exhaust purification devk:e of an internal 
combustion engine according to claim 10, fur- 
ther comprising memory means which stores 
in advance the amount of fuel determined in 
accordance with the operation state of the en- 
gine, said air-fuel ratio control means deter- 
mines the amount of fuel supplied to the en- 
gine based on the fuel amount stored in said 
memory means. 

13b An exhaust purification device of an intemal 
combustion engine according to claim 10. 
futher compsising memory means which stores 
in advance the basic fuel amount determined 
in accordance with the operation state of the 
engine and an air-fuel ratio sensor which is 
provided in the exhaust passage of the engine 
and detects the air-fuel ratio of the exhaust gas 
flowing in the exhaust passage, said air-fuel 
ratio control means corrects the basic fuel 
amount so that the air-fuel ratio of the exhaust 
gas t)ecomes the target air-fuel ratio by a 
feedback correction coefficient varied in accor- 
dance with the output signal of said air-fuel 
ratio sensor. 

14. An exhaust purification device of an intemal 
combustion engine according to claim 13, 
wherein said air-fuel ratio control means cor- 
rects the basAc fuel amount so that the air-fuel 
ratio of the exhaust gas becomes the target 
air-fuel ratio by the feedback correction coeffi- 
cient when the NOx should be at>sort)ed into 
the NQx absorit)ent and, at the same time, 
corrects said feedback conrection coefficient 
by a learning coefficient so that said feedt)ack 
correction coefficient fluctuates around a refer- 
ence value, and said air-fuel ratio control 
means fixes the feedback correction value to 
said reference value when the NOx shouM be 
released from the NOx absorbent and, at the 
same time, determines the amount of fuel to 
be supplied to the engine based on the learn- 
ing coefficient and the basic fuel amount. 

15. An exhaust purification device of an intemal 
combustion engine according to claim 9, 
wherein the intemal combustion engine com- 
prises a diesel engine equipped with a fuel 
injector which injects the fuel into the combus- 
tion chamber and a throttle valve disposed in 
the intake passage of the engine; and said air- 
fuel ratio control means controls the at>sorption 
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of NOx into the NOx absort)ent and ttie releas- ' 
ing of NOx from the NOx absorbent by control- 
ling the amount of injection from the fuel injec- 
tor and the opening degree of throttle valve. 

5 

16. An exhaust purification device of an internal 
combustion engine according to claim 15, 
wherein said air-fuel ratio control means in- 
creases the injection amount and decreases 
the throttle valve opening degree when the io 
NQx should be released from the NOx absor- 
bent. 

17- An exhaust purification device of an internal 

combustion engine according to claim 1 , futher is 
comprising air-fuel ratio control means which 
controls the air-fuel ratio of the exhaust gas 
discharged from the engine combustion cham- 
ber and flowing Into the NOx at>sort>ent in the 
exhaust passage of the engine, and the ab- 20 
sorption of NQx into the NOx absort)ent and the 
releasii^ of NOx from the NOx absorbent are 
controlled by controlling the air-fuel ratio of the 
exhaust gas flowing into the NOx absorbent by 
said air-fuel ratio control means. 2s 

1& An exhaust purification device of an intemal 
combustion engine according to claim 17, 
wherein said air-fuel ratio control means makes 
the air-fuel ratio of the exhaust gas flowing into 30 
the NOx at)sorbent lean when the NQx should 
be absorbed into the NOx absorbent, while 
makes the air-fuel ratio of the exhaust gas 
flowing into the NOx absorbent the 
stoichiometric air-fuel ratio or rich when the 35 
NQx should be released from the NQx absor- 
bent. 

19. An exhaust purification device of an intemal 
combustion engine according to claim 18, 40 
wherein said air-fuel ratio control means sup- 
plies a reducing agent to the interior of the 
exhaust passage of the engine when the NOx 
should be released from the NOx absorbent. 

45 

20. An exhaust purification device of an intemal 
combustion engine according to claim 19, 
wherein said reducing agent is made of a 
hydrocarbon. 

50 

21. An exhaust purification device of an Intemal 
combustion engine according to claim 20, 
wherein said hydrocarbon comprises at least 
one member selected from gasoline, isoctane. 
hexane. heptane, butane, propane, light oil, 55 
and keroslne. 



22. An exhaust purification device of an internal 
combustion engine according to claim 1, fur- 
ther comprising NOx releasing control means 
which lowers the oxygen concentration In the 
exhaust gas flowing into the NOx absorbent 
only for a second set-up period preliminarily 
determined so as to release the NQx from the 
NOx absort)ent when the period for which the 
air-fuel ratio of the exhaust gas flowing into the 
NOx absorl)ent is made lean and the NOx is 
absorbed into the NQx absorbent exceeds a 
preliminarily determined first set-up period. 

2a An exhaust purification device of an intemal 
combustion engine according to claim 22, 
wherein said NOx releasing control means 
makes the air-fuel ratio of the exhaust gas 
flowing into the NOx absoribent the 
stoichiometric air-fuel ratio or rich when the 
NOx should be released from the NQx absor- 
bent 

24. An exhaust purification device of an Intemal 
combustion engine according to claim 22. 
wherein the said NQx releasing control means 
is provided with NQx amount estimation means 
for estimating the amount of NOx at>sort>ed 
into the NOx absorit)ent, and said NOx releasing 
control means decides that said first set-up 
period has lapsed when the amount of NOx 
estimated by the NQx amount estimation 
means exceeds a preliminarily determined set- 
up amount 

25. An exhaust purification device of an internal 
combustion engine according to claim 24, 
wherein said NQx amount estimation means 
decides that the amount of NOx absorbed in 
the NOx absort)ent exceeds said set-up 
amount when a cumulative value of an engine 
speed exceeds a preliminarily determined set- 
up value. 

26b An exhaust purification device of an intemal 
combustion engine according to claim 24, 
wherein said NOx amount estimation means 
decides that substantially all of the NOx ab- 
sorbed in the NOx absorbent was released 
when the air-fuel ratio of the air-fuel mixture 
formed in the engine combustion chamber is 
maintained at the stoichiometric air-fuel ratio or 
Is rich for a predetermined time or more. 

27. An exhaust purification device of an internal 
combustion engine according to claim 22, 
wherein said second set-up period is substan- 
tially less than 20 seconds. 
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28. An extiaust purification device of an internal 
combustion engine according to claim 22, 
wherein said NOx releasing control means Is 
provided with a temperature sensor for detect- 
ing a temperature of the exhaust gas flowing s 
into the NQx absorbent, and said NOx releasing 
control means Is provided with prohibition 
means which prohibits the lowering of the oxy- 
gen concentration in the exhaust gas flowing 

into the NOx absorbent even if the period for io 
which the NQx is absorbed into the NOx absor- 
bent exceeds said first set-up period when the 
temperature of the exhaust gas flowing into the 
NOx absort)ent becomes lower than a limit 
temperature at which the NOx can be absort)ed is 
by the NOx absort)ent 

29. An exhaust purification device of an internal 
combustion engine according to claim 28, 
wherein said NQx releasing control means im- 20 
mediately lowers the oxygen concentration in 

the exhaust gas flowing Into the NQx absorbent 
when the temperature of the exhaust gas flow- 
ing into the NOx at>sork>ent t)ecomes higher 
than said limit temperature after the oxygen 25 
concentration in the exhaust gas flowing into 
the NQx absorbent is lowered by said prohibi- 
tion means. 

30. An exhaust purification device of an internal 30 
combustion engine according to claim 1, 
wherein a catalyst which can reduce at least 

the NOx is disposed in the exhaust passage of 
the engine downstream of the NOx absort)ent. 

35 

31. An exhaust purification device of an internal 
combustion engine according to claim 30, 
wherein said catalyst comprises a three-way 
catalyst. 

40 

32. An exhaust purification device of an internal 
combustion engine according to claim 1, 
wherein a catalyst which can purify the unburnt 
HO and CO is disposed in the exhaust pas- 
sage of the engine upstream of the NOx absor- 45 
bent. 

33. An exhaust purification device of an internal 
combustion engine according to claim 32, 
wherein said catalyst comprises a three-way so 
catalyst. 
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Fig. 9 



C 



CALCULATION 
OF TAU 



3 



CALCULATION 
OF TP 







K ^ 0.6 




'200 



NO 



207 



Ki K 



YES 



;208 



,202 



CALCDLATION 
OF K 



Kjt 



KK 



203 



Kjt 



K 



TAU TP- Kl 



c 



-204 



RETURN 



22 



EP 0 560 991 A1 



Fig. 10 




23 



EP 0 560 991 A1 



Fig. 11 




24 



EP 0 560 991 A1 



Fig. 12 




YES 



CALCULATION OF (A/F) 



CALCOLATION OF (A/F) 



301 



.302 




YES .304 



F- ot 



,305 



F— F+<^ 



CALCULATION OF G 



306 



( END ) 



25 



EP 0 560 991 A1 



Fig .13 



K 



Ki 



CALCULATION 
OF TAU 



CALCULATION 
OF TP 




,402 



CALCULATION 
OF K 



X03 



K 



TAU — TP- KtF.G 



c 



40A 



RETURN 



J 



26 



EP 0 560 991 A1 



Fig.K 




Fig. 15 




27 



EP 0 560 991 A1 



Fig. 16 



5754 




50 



51 



- LOAD SENSOR 



ENGINE SPEED 
SENSOR 



21 



^38 



A/D 



,52 



A/D 



Eh 
O 

H 



35 



-- 1 r 



30 



31 



,32 



.59 



,^0 



o; 

O 
O4 

D 
O4 

D 
O 



ROM 



.33 



rV RAM 



r34 



CPU 



36 



I 

J 



28 



EP 0 560 991 A1 



Fig. 17 




NOx RELEASING FLAG 
IS SET 



C+1 



504 




NO 



NOx RELEASING FLAG 
IS RESET 



INE.C 



0 



506 



507 



29 



EP 0 560 991 A1 



Fi g.18 



MAIN ROUTINE 



3 



CALCULATION OF 
INJECTION AMOUNT Q 



600 




CALCULATION OF Q 



Q 



Q+ AQ 



CALCULATION OF 
DUTY 



i/ 



.603 
604 



DUTY 



THROTTLE CONTROL 



INJECTION 
PROCESSING 



605 



606 



Q RETURN ^ 



30 



EP 0 560 991 A1 



Fig. 19 




EP 0 560 991 A1 



Fig. 20 



(NOx RELEASING \ 
PROCESSING J 

J- 1 700 




C END ) 



INTERNATIONAL SEARCH REPORT 

tataciiMiainl A»»llcMon No PCT/ JP92/01279 



1. CLAfl 


WnCATION or subject matter (H Mml dai 


Miflcrton trmbolt oeply. Indieato all) • 








Aecorrilng to IntonwtloiMl PMtnt CiusMartlon PPC) «r lo botA N 

Int. Cl^ F01N3/18, 3/24 


Mtonal CtoNincatton and IPC 








II. niLDS SEARCHIO 


MhUmum OocumMrtatton SMrch«d ' 




ClaMlflcation Symbols 








IPC !F01N3/18, 3/20, 3/24, 3/28, B01J23/58, 

I 


23/78 








Pocuinontotlow 8— ichotf otfw 
to llM CMmt that Mwli Oocumm 


rthan Mlalmum Oocttnwntotlon 

to aio Indudad to tho Flolda SMTehad « 








Jitsuyo Shinan Koho 
Kokai Jitsuyo Shinan Koho 


1926 - 1991 
1971 - 1991 








lU. POCUMENT8 CONSlOEIieD TO BE RELEVANT • 




QtallOA of DocuRiMtt, " wfth Indication, whoro •« 


pfopriato. of tho rolovani pasaapM ** 


1 Ralovant 


taCtelm No. » 


X 


JP/A, 3-16641 (institut Francais du 
Petrole) , 

January 24, 1991 (24. 01. 91), 
Line 6, lower left column to 
line 9, lower right column, -page 1, 
line 18, upper right column to 
line 2, lower left column, page 13, 
& FR, Al, 2647365 & US, A, 5051392 


1-3, 
12 


6, 


8-10 - 


X 


JP, A, 63-270543 (General Motors Corp.), 

November 8, 1988 (08. 11. 88), 

Lines 6 to 17, lower left column, page 1, 

lines 12 to 16, lower right column, page 1, 

line 7 lower left column to 

line 18, lower right column, page 2, 

& EP, A2, 287217 & US, A, 4839146 


1-3, 6, 
12-13 


8-10 . 


Y 


JP, A, 2-149346 (Toyota Molfor Corp.), 
June 7, 1990 (07. D6. 90) , 
lines 5 to 20, lower left column, page 1 
(Family: none) 




7 




EY 


JP, A, 4-4044 (Matsushita 


Electric 




7 




-A- doc« 

-E" etfll 
WIfig 

-L* dooi 
wtiic 
CtUU 

-O" docu 

OttMl 

-P- docu 
lattr 


fiNMit doflnlnQ tfw Qonorol otsto of Uw ort wlHcfi Is not 

idotod to to of pofUciitar ratavMieo 

If dociiiwowt but DuWIthod on or sftof tho InlOfnollonol 

iteto 

fnoot whlcl) iMy tfifow dociMs on priority ctaiinCi) ot 
fi l> cHoif to ojtoWWi too jptfWtei^tewjJtto ot onothor 

moot iBtaffliiy to on oral iIIocIosimo. tm^ OMtilMllow or 

nwfn puomtoo pnor n mo WHomononw mni9 ono oui 
llwn too priority itoto ctaimod 


T* latar docvmont pubBshod aftar ttw mtomstlonal fltog dato or 
priority data and not tn conflict wWh Wto apolicaUon but citod to 
undaratand tho principla or thaory imdariytog tha hivantton 

-r* docimnt of particular ratovanoarttiadabnodlnvonllon cannot 
ba conldafad novot or cannot bo conaidafod to involvo an 
invanttva atop 

"nr docua>antof particuly ioia»yica:thaclalm^ 

Im Gonaldofad to inwolvo an invaAllvo alapwiwntoa docuawnt 
la ODiabinad wito ono or imra otbor audi dacinaanta* auch 
conibtoatton boloQ obvloua to a poraon akMad to tha art 

*&" doeumant mombor oflho sama patant fantify 


IV. CEimncATiON 


0«t» of tiM Actual ComptedOA of tito Inttnurtloral SmtcIi 

November 25, 1992 (25. 11. 92) 


DatoofMaUtoQOfthla Intamattooai Saai 

December 22, 1992 


ncll R^ort 

(22. 


12. 


92) 


mnifHnionw sMwcninv Awnonir 

Japanese Patent Office 


Slonatuva of Authorliod Ofllear 



ronn PCT/1SA/2IO(aacand ahaat) (January IMS) 



tmemsMMMl Ap0l«attor> No. PCT/JP92/ 01279 



FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 




! Ind, Co. , Ltd. ) , 
January 8, 1992 (08. 01. 92), 
Lines 5 to 14, lower left coliimn, page 1 
(Family: none) 


1 

1 

i 


X 

1 

i 


JP, A, 61-181538 (Matsushita Electric 
Ind. Co. , Ltd. ) , 

August 14, 1986 (14. 08. 86), 
Lines 5 to 9, lower left column, page 1, 
lines 14 to 18, upper right column, page 4 
(Family: none) 


il-3, 6, 8-10 

1 


A i 

1 


JP, A, 60-164642 (Nissan Motor Co. , Ltd.), 
August 27, 1985 (27. 08. 85), 

JFiq. 2 ( Family r noneJ. 


i 

15 

1 

! 


vO DBS 


ERVATKNWS WHERE CERTAIN CUUMS WERE FOUND UNSEARCHABLE * 




This mtemationai sesrcti report has not been esiabhshed in .respect o< certam claims under Artide 1712) la) (or the following reasons: 
l.ri Claim iMimbers . because ih#v relate to subiect matter not requtred to be searched by this Authortty. namely: 


Claim 
requiv 


numtiers . because they relate to parts of the international appiicaiion thai do noi 
emenis to such an extent rttat no meaningful miernauonai search can be earned out sc 


comply with the prescribed 
Mcifically: 


senten 


numbers . becsuee they ere ilependent cleims end ere not drafted in aocordano 
ces of PCT Rule &4(a). 


1 with the second end third 


VI.Q 08S£RVATK)NS WHERE UMTY OF INVENTION IS LACKING ' 


This Interna 


lional SeercMng Authoniy found multiple itiverMiona in this mtemational application as 1 


ollofws: 


1. Q As alt required additional search fees were timely paid by the applieaiil this intematioiiai seeich report covefs aH soefdwMe 

datms of the intemational applicstion. 

2. ri As only some of the required additiortal sejirch fees were timely peid by tlte applicant, this intemationel teareh report coven only 

those daima of the intemationel application for which fees were paid, specifically claims: 


3.Q No required a^jditkmalseeich fees «i«r« timely peid by the applieaiil Con 

the invention first mentioned in the daime: it is covered liy deim numbers: 


seardi report Is restricted to 


4.Q As en searctieblecieimeeould be searched vMthout effort justifying an addition 
invite payment of any additional fee* 


Searching Authority did not 


Remartc on Protest 
(n "Hte additional seereh fees were acoompenied by apfiticanTs protest. 
Q No protest aceompenied the payment of addttional search fees. 





Form PCTASMSIO (supplefnenlal sheet f2)| Uanuary t98» 



Intemnionai Application No. PCT/ JP92/01279 



FURTNCR MraUNATIOM CONT1NUCD FROM 



THE SECOND SHECt 



JP, A, 59-188053 (Toyota Motor Corp., 
Nippondenso Co. r Ltd.) , 
October 25, 1984 (25. 10. 84), 
(Family: none) 



JP, U, 63-38619 (Hino Motors Co. 
March 12, 1988 (12. 03. 88), 
Fig. 1 (Family; none) 



Ltd.) , 



5, 11, 14 



17-21 



JP, A, 1-134020 (Nippon Denshi Kiki K.K.), 
::May 26, 1989 (26. 05. 89), 
Fig. 2 (Family: none) 



30-31 



vO OaSERVATKNiS WHERE CERTAIN CtAIMS WERE FOUND UNSEARCHABU < 



This intemMkMMl Maivh 
Qaim numbers 



has not been esiablisheiS m% respea ol certain deims under Article 17121 (al for the foHowring reasons: 
because ih«^ relate lo subtaci matter not required to be searched by this Authoriiv. namMfz 



Qaim numbers , because Ibev relate to paru ol tbe mtemeiienai application thai do not compty with the prescribed 

requiremems to such an extent thet no meaningful tntemational search can be carried oul. specifically: 



ViQ OBSERVATIONS WHB« UNITY OF INVEWTION tS LACKING » 

This International Saacching Aulhonty found- multiplB invei w ion a in this international application as folloiws: 



1. Q As an requM addttional search fees nMtre timely paid toy die appteam. this international saarch report covers all searchable 
ciajfiis of the jfuamational application. 

2. n As only soino of the raouired additional search fMS«i«re timely peid by the appiicafit.tto 

ihest claims of the interiMtional aoohcation for iMhich Ims mmm paid, spedfically 



3.Q No ffoqtiirad additional search fees weretimalv paid by the applicara. Consaquamly. this imemational sesrch report is restricted to 
the invention first mentioned in the daima: it is co ve r ed toy deim numbers: 



4.Q As easear^iatoledainia could be searched vvithoiii effort justifying an additional fee. the Inte 
invite payment of any additionai Isa. 

Remark on Proieit 
Q The edditional search faaa were accompanied by appUcanTs protest 
Q No protest aocompanied the payment of additional search lees. 
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